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The title compound NH4 + -C5H 4 N 3 02~ crystallizes with two 
formula units in the asymmetric unit. In each anion, the 
carboxylate is deprotonated and the planar amino group 
[angle sums of 359 (3) and 355 (3)° at N] remains protonated. 
In the crystal, the cations and anions are bridged by N— 
H- ■ O and N— H- ■ -N hydrogen bonds, forming a three- 
dimensional network. 

Related literature 

For the crystal structure of the free acid, see: Dobson & 
Gerkin (1996); Ptasiewicz-Bak & Leciejewicz (1997). For the 
metal complex with nickel, see: Ptasiewicz-Bak & Leciejewicz 
(1999). For the coordination chemistry of 2-pyrazinecarboxy- 
lic acid, see: Ptasiewicz-Bak et al. (1995); Ellsworth & zur Loye 
(2008). In the present study a half-normal probability plot 
(Abrahams & Keve, 1971), a quaternion fit (Mackay, 1984) 
and rigid-body analysis (Schomaker & Trueblood, 1998) have 
been used. 
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Experimental 

Crystal data 

NH 4 + C 5 H 4 N 3 0 2 - 
M, = 156.15 
Orthorhombic, Pca2 1 
a = 12.5066 (6) A 
b = 3.8833 (2) A 
c = 27.9659 (14) A 



V = 1358.22 (12) A 3 
Z = 8 

Mo Ka radiation 
jtt = 0.12 mm -1 
T = 150 K 

0.40 x 0.19 x 0.09 mm 



Data collection 

Bruker Kappa APEXII 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Sheldrick, 2008a) 

r mi „ = 0.70, r max = 0.75 

Refinement 

R[F 2 > 2a(F 2 )] = 0.026 

wR(F 2 ) = 0.072 

S = 1.05 

1580 reflections 

247 parameters 

1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



16898 measured reflections 
1580 independent reflections 
1540 reflections with / > 2a(I) 
R:„, = 0.018 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap max = 0.33 e A~ 3 

Ap mi „ = -0.16 e A~ 3 



D — 


a--A 




D-H 


H- ■ A 


D- ■ A 


D-H-A 


N31 


-mi a 


■ ■ -N22' 


0.92 (3) 


2.20 (3) 


3.103 (2) 


169 (2) 


N31 


-H31B 


■021 


0.90 (3) 


2.07 (3) 


2.726 (2) 


129 (2) 


N32 


-H32A 


■ ■ -N21" 


0.88 (3) 


2.23 (3) 


3.100 (2) 


168 (2) 


N32 


-H32B 


■022 


0.86 (3) 


2.06 (3) 


2.686 (2) 


129 (2) 


N3- 


H3S-- 


02f 


0.93 (3) 


1.97 (3) 


2.849 (2) 


157 (2) 


N3- 


H3C-- 


OH m 


0.96 (3) 


2.58 (3) 


3.287 (2) 


131 (2) 


N3- 


H3C-- 


Nil'" 


0.96 (3) 


2.00 (3) 


2.909 (2) 


159 (2) 


N3- 


H3D-- 


■OH iv 


0.89 (3) 


2.13 (3) 


2.944 (2) 


152 (2) 


N4- 


U4A-- 


012 


0.86 (3) 


2.13 (3) 


2.897 (2) 


148 (3) 


N4- 


YL4A- 


N12 


0.86 (3) 


2.23 (3) 


2.912 (2) 


135 (3) 


N4- 


H4B- 


Oil 


0.95 (4) 


1.86 (4) 


2.793 (2) 


166 (3) 


N4- 


H4C-- 


Oil" 


0.84 (3) 


2.01 (4) 


2.839 (2) 


170 (3) 


N4- 


H4D- ■ 


■022 vi 


0.87 (3) 


1.87 (3) 


2.742 (2) 


176 (3) 



Symmetry codes: (i) — x + l,y + l,z + k (ii) — x + \,y, z — |; (iii) x - 
x — h, —V + 2, z; (v) x, y — 1, z; (vi) x + 1, — y + 1, z. 



-y + l,z; (iv) 



Data collection: APEX2 (Bruker, 2010); cell refinement: SAINT 
(Bruker, 2010); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 20086); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 20086); molecular graphics: 
PLATON (Spek, 2009) and Mercury (Macrae et al, 2006); software 
used to prepare material for publication: manual editing of SHELXL 
cif file. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: ZL2357). 
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Comment 

2-Pyrazinecarboxylic acid is a complexation reagent in transition metal chemistry (Ptasiewicz-Bak et al, 1995) with a large 
variety of coordination modes (Ellsworth & zur Loye, 2008). The corresponding 3-aminopyrazine-2-carboxylic has been 
used in a similar way for the complexation of nickel (Ptasiewicz-Bak & Leciejewicz, 1999). The crystal structure of the free 
acid has been determined by Dobson & Gerkin (1996) and Ptasiewicz-Bak & Leciejewicz (1997). 

The asymmetric unit of the crystal structure of the title compound (I) consists of two formula units (Z = 2). The anions are 
essentially planar with a maximal deviation from the least-squares plane of 0.059 (2) and 0.093 (1) A for the two molecules, 
respectively (Fig. 1). The molecular planes form angles of 5.54 (3) and 0.58 (3)° with the c axis. Also the amino moieties 
are planar with angle sums of 359 (3) and 355 (3)° at N31 and N32. 

The two independent molecules are very similar, as can be seen in a quaternion fit (Fig. 2). This allows the generation of a 
half-normal probability plot (Fig. 3). The largest differences between the two molecules are in the C— O distances (A = 3.5c). 
A possible explanation is the different hydrogen bonding situation of the four O atoms. If the anions in (I) are compared 
with the neutral molecule of the free acid (Dobson & Gerkin, 1996) the geometries are again very similar. As expected, the 
only difference is in the carboxylate, which is deprotonated in (I) and protonated in the free acid. The distances C51-011 
and C52-012 in (I) are 1.266 (2) and 1.256 (2)A compared to the C-OH distance of 1.328 (2)A in the free acid. This is 
accompanied by a change of the corresponding C-C-0 angles, which are 116.01 (14) and 116.79 (14)° in (I) compared to 
118.20(10)° in the free acid. 

The two independent molecules in (I) can be modelled by rigid body model using the program THMA1 1 (Schomaker & 
Trueblood, 1998). The fit of this TLS model is good, as indicated by ^-values (^={P(wAU) 2 ]/[S(wU obs ) 2 ]} 1/2 ) of 0.080 
and 0.085 for the two molecules. The two molecules can thus be appropriately described as rigid bodies. The T tensor 
has eigenvalues of 0.01925, 0.01329, and 0.01076 A 2 for the first independent molecule in (I), and 0.02060, 0.01368, and 
0.01227 A 2 for the second molecule. The L tensor has eigenvalues of 13.62, 6.42, and 4.28 deg. 2 for the first molecule, and 
12.96, 7.20, and 4.22 deg. for the second molecule. 

The amino moieties of the anions act as donors of two hydrogen bonds, respecively. One is intramolecular to the 
carboxylate [graph set Si (6)], and one is intermolecular to a pyrazine N atom [graph set Di (2)]. Overall, this results in 
one-dimensional hydrogen-bonded chains along the b axis. These chains are interconnected by the ammonium cations to 
form a three-dimensional network. Hydrogen atoms H3C and H4A of the ammonium cations are involved in bifurcated 
hydrogen bonds (Table 1, Fig. 4). 
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Experimental 

212 mg of 2-aminopyrazine-3-carboxylic acid were suspended in 20 ml water. A concentrated solution of ammonium hy- 
droxide was added dropwise until the suspension became clear. Slow evaporation at room temperature gave crystals of (I) 
suitable for the diffraction experiment. 

Refinement 

During the intensity integration, a small second crystal fragment has been ignored (less than 5% occupancy). Friedel pairs 
have been averaged prior to the refinement. 

Hydrogen atoms were located in difference Fourier maps. N — H hydrogen atoms were refined freely with isotropic 
displacement parameters. C — H hydrogen atoms were refined using a riding model with C — H = 0.95 A and with (7i S0 (H) 
= 1.2 times U eq (C). 



Figures 




Fig. 1. : Displacement ellipsoid plot of (I). View along the b axis. Non-hydrogen atoms are 
drawn at the 50% probability level; H atoms are drawn as spheres with arbitrary radii. 























\ 





Fig. 2. : Quaternion fit (Mackay, 1984) of the two independent anions in (I). One of the mo- 
lecules is inverted. The r.m.s. deviation of the fit is 0.041 A. 




Fig. 3. : Half-normal probability plot (Abrahams & Keve, 1971) of the bond lengths of the 
two independent molecules of (I). On the vertical axis are the experimental A/a data, on the 
horizontal axis the theoretical expectation values. Linear regression results in a slope of 2.2 
and an intercept of 0.08. 



4. : Hydrogen bonding interactions in the crystal structure of (I). View along the b axis. 
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Ammonium 2-aminopyrazine-3-carboxylate 



Crystal data 

NH 4 + -C5H 4 N 3 02~ 
M r = 156.15 
Orthorhombic, Pca2\ 
Hall symbol: P 2c -2ac 
a = 12.5066 (6) A 
6 = 3.8833 (2) A 
c= 27.9659 (14) A 

V= 1358.22 (12) A 3 

Z=8 



F(000) = 656 

D x = 1.527 MgnT 3 
Mo i&x radiation, X = 0.71073 A 
Cell parameters from 94 1 6 reflections 
9 = 2.9-27.5° 

H = 0.12 mm -1 
T= 150 K 
Plate, colourless 
0.40x0.19 x 0.09 mm 



Data collection 



Bruker Kappa APEXII 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

<p and co scans 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2008a) 

r min = o.70, r max = o.75 

16898 measured reflections 



1580 independent reflections 

1540 reflections with I > 2o(I) 
0.018 

Qmax = 27.5°, 0 m in = 2.9° 

A = -16->15 

£ = -4^5 
/= -36^36 



Refinement 



Refinement on F 
Least-squares matrix: full 
R[F 2 > 2(7(7^)] = 0.026 

wR(F 2 ) = 0.072 

S= 1.05 

1580 reflections 
247 parameters 
1 restraint 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 

Hydrogen site location: difference Fourier map 

H atoms treated by a mixture of independent and 
constrained refinement 

w = l/[o 2 (F D 2 ) + (0.0562P) 2 + 0.1369P] 

where P = (F 0 2 + 2F c 2 )/3 

(A/o) max = 0.001 

1-3 



Apmax = 0.33 e , 
Ap m in = -0.16eA~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
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Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > a(F 2 ) is used only for calculating R- 
factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A ) 
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0.189 (2) 


0.888 (7) 
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H3C 
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0.660 (7) 
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0.0249 (3) 


H4A 
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0.249 (7) 
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Atomic displacement parameters (A 2 ) 
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Geometric parameters (A, °) 
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119.14(15) 


N12— C12— H12 


119.8 



sup-5 



supplementary materials 



po i \n i pi i 
Czl — JNZ1 — C31 


I 1 *7 /1ft / 1 C\ 

II /.4v (Id) 


f*ii pn iii~> 
CzZ — C 1 Z — hi 1 Z 




1 1 ft O 

1 ly.o 


C31 — JN31 — hlilA 


1 1 O A /1 0\ 
115.4 (1 /) 


xtoo pn pn 
JN ZZ — CzZ — C 1 Z 




1 OO Oft ( 1 /z\ 

ill. 10 (lo) 


C31 — Nil — Jd31B 


1 1 ft iC /1 0\ 

ny.o (i /) 


XTOO r^ii im 

JN ZZ — CzZ — hlZZ 




1 1 o n 
llo. / 


hlilA — JN31 — hl31r> 


ni / o\ 
1Z1 (Z) 


pn r^ii 1 i~>~> 
C 1 Z — CzZ — hlZZ 




1 1 O 1 

llo. / 


XT 1 1 PI 1 /^O 1 

JN 1 1 — Cll — Czl 


1 Oft 1 £ / 1 £\ 

IZU.lo (lo) 


\m f^ll XTOO 

JN 3 Z — C 3 Z — JN Z Z 




I 1 O A O / 1 C\ 

II /.4o (ID) 


xt 1 1 n 1 xiii 
JN 1 1 — CI 1 — rll 1 


1 1 ft ft 

1 Ly.y 


XT'}'") POO P/1 0 

JN 3 Z — C 3 Z — C 4Z 




1 OO Oft (\ £.\ 

ill. /U (lo) 


( i pi i iii] 

CZ 1 — C 1 1 — rl 1 1 


1 1 q q 
1 Ly.y 


XT")") p T ~> p/l o 

JN ZZ — C 3 Z — C4Z 




1 1 ft Q 1 (\ ^\ 

i ly.oi (id) 


XTO 1 ( "1 1 Z" 1 1 1 

JN Z 1 — CZ 1 — C 1 1 


1 OO QQ (\ £\ 

IZZ.oo (lo) 


XT1 0 P/l o poo 

JN 1Z — C4Z — C3Z 




1 Oft £0 (\ ^ 

IZU.oo (ID) 


XTO 1 Ptl TJT1 

JNZ1 — Czl — hlZl 


1 1 o c 

1 lo.o 


xt 1 o p/n pco 
JN 1Z — C4Z — CDZ 




11/i \ (\ f \ A\ 

1 lo.lU (14) 


pi i pi i i n i 
CI 1 — Czl — hlZl 


1 1 O & 
118. 0 


POO P/IO po 

C3 z — C4Z — C D Z 




1 ii n /i c\ 
lz3.1 / (ID) 


XTI 1 f^l 1 XTO 1 

JN31 — C31 — JNZ1 


1 1 *7 in f\ c\ 
11 1.1 1 (ID) 


p i t pco r\ii 
0 1 Z — CDZ — OzZ 




10C01 /1C\ 

l1d.Il (ID) 


XT1 1 PTI pi 1 

JN31 — C31 — C41 


Ml O C /I C\ 

IZZ.oD (ID) 


f\M PCI P/IO 

0 1 Z — CDZ — C4Z 




1 1 £ Oft /1 /I \ 

llo. /y (14) 


MO 1 PQ 1 pi 1 

JNZ1 — C31 — C41 


11ft O O /1 c\ 

1 IV.oo (ID) 


{~\11 PCI p /] O 

OzZ — C D Z — C4Z 




I 1 O Cft ( 1 c\ 

II /.DU (ID) 


XT 11 P/l 1 pi 1 

JN 1 1 — C41 — C3 1 


1 Oft y|T /1 C\ 

1ZU.4Z (ID) 


| n * XT1 HID 

hl3A — JN3 — hl3r> 




1 ftO /o\ 
1U/ (Z) 


XT 1 1 P/1 1 pc 1 

JN 1 1 — C4 1 — C J 1 


1 1 j.VO (14) 


TJ1 A XT1 I ITp 

hl3A — JN3 — hl3C 




111 

1 1 1 (2) 


P"l 1 p A 1 PC 1 

C3 1 — C4 1 — CD 1 


1Z3.0Z (14) 


TJTD XTI I I ") / " 

hl3r> — JN3 — hl3C 




i i /- /o\ 

llo (Z) 


A1 1 pel ni 1 

Ozl — CM — Oil 


nc 1 ft / 1 c\ 

1Zd.1v (Id) 


I I "J a XT1 UTrv 

hl3A — JN3 — H3D 




111 /o\ 

111 (2) 


A1 1 PC 1 p /] 1 

Oz 1 — C J 1 — C4 1 


1 1 O Oft f\ A\ 

ll&.&U (14) 


I I "J I) XT1 Ulft 

hl3r> — JN3 — hl3L) 




105 (2) 


Pi1 1 PC1 p /] 1 

Oil — CD 1 — C41 


1 1 /; ft i /1/1\ 
llo.Ul (14) 


TUT/" 1 XTI Uirv 

hl3C — JN3 — H3D 




103 (2) 


PA? Ml? PI? 

vHZ IN 1Z vlZ 


1 1 ft OR n 


VLA A Mi N4R 




1 1 Q 


C22 — N22 — C32 


117.32 (15) 


H4A — ^N4 — H4C 




113 (3) 


C32— N32 — H32A 


119.4(16) 


H4B — N4 — ^H4C 




97 (3) 


C32 — N32 — H32B 


119.9 (18) 


H4A — N4 — H4D 




106 (3) 


H32A — N32 — H32B 


116 (2) 


H4B — N4 — H4D 




107 (3) 


N12 — C12 — C22 


120.40 (16) 


H4C — N4 — H4D 




114 (3) 


P/l 1 XT 11 PI 1 pi] 

C41 — JN 1 1 — Cll — Czl 


1.6 (3) 


p /i o xtio pn 
C4Z — JN 1 Z — C 1 z— 


-C22 


ft 1 /o\ 

0.1 (2) 


pi i XT01 P0 1 p 1 1 

C3 1 — JN Z 1 — CZ 1 — C 1 1 


-0.2 (3) 


p t -) XTOO P">") 

C3Z — JN ZZ — CZZ— 


-C1Z 


ft 0 /"0\ 

0.2 (3) 


XT 11 pi 1 PO 1 XTO 1 

JN 11 — Cll — Czl — JNZ1 


-1.4 (3) 


xt n pn poo 
JN 1 Z — C 1 Z — CzZ— 


-JN 22 


ft C /1\ 

-0.5 (3) 


PO 1 XT') 1 f^l 1 XTO 1 

CZ 1 — JN Z 1 — C3 1 — JN 3 1 


1 "70 "7ft / 1 C\ 

_ 1 /o. /U (ID) 


PT) XTOO / ' T ~> 

CZZ — JN ZZ — C3Z— 


-JN 32 


1 Oft /lO n c\ 

_ 1 /y.4/ (ID) 


P1 1 XT') 1 pi 1 P/1 1 

Czl — JNZ1 — C31 — C41 


1 C ZO\ 

1.5 (2) 


pn xtoo pn 
CzZ — JN ZZ — C3z— 


-C42 


ft c /o\ 

0.5 (2) 


p i i XT1 1 P/1 1 pi 1 

CI 1 — JN 1 1 — C41 — C31 


ft 1 (1\ 

—\j.Z (Z ) 


p i 0 XT1 0 p/1 0 

C 1 Z — JN 1 Z — C4Z— 




ft ^ (1\ 

0.5 (2) 


pi 1 \T 11 P/l 1 PC1 

CI 1 — JN 1 1 — C4 1 — C D 1 


1 "7ft £0 / 1 C\ 

—1 /y.oZ (ID) 


pn xtio p /i o 
C 1 Z — JN 1 Z — C4Z— 


-C52 


— 1 /6.88 (15) 


XTO 1 PT1 p/l 1 XT 1 1 

JN31 — C31 — C41 — JN 11 


1 *70 0*7 /"I £\ 
1 / (lO) 


xtio pn p/io 
JN 3 Z — C3 Z — C4Z— 


-JN 12 


1 /V.OV (15) 


XTO 1 P11 P/1 1 XT 11 

JNZ1 — C31 — C41 — JN 1 1 


1 1 S1\ 

-1.3 (2) 


xtoo pn p /i o 
JNZZ — C3Z — C4Z— 


-JN 12 


-0.6 (2) 


XTO 1 pi 1 /""/II pr 1 

N31 — C31 — C41 — CDl 


-1.8 (2) 


XTOO f T ~> P/n 

N 3 Z — C 3 Z — C4Z— 


-C52 


-3.7 (2) 


N21— C31— C41— C51 


178.00 (15) 


N22— C32— C42- 


-C52 


176.38 (14) 


Nil— C41— C51— 021 


177.16(15) 


N12— C42— C52- 


-012 


4.3 (2) 


C31— C41— C51— 021 


-2.2 (2) 


C32— C42— C52- 


-012 


-173.05 (16) 


Nil— C41— C51— Oil 


-3.6 (2) 


N12— C42— C52- 


-022 


-176.49 (15) 


C31— C41— C51— Oil 


177.04 (15) 


C32— C42— C52- 


-022 


6.2 (2) 



Hydrogen-bond geometry (A, °) 



D—H-A D — H 

N31— H31A-N22 1 0.92(3) 

N31— H31B-021 0.90(3) 

N32— H32A-N21" 0.88(3) 

N32— H32B-022 0.86(3) 



R-A D-A D—H-A 

2.20 (3) 3.103 (2) 169 (2) 

2.07 (3) 2.726 (2) 129 (2) 

2.23 (3) 3.100 (2) 168 (2) 

2.06 (3) 2.686 (2) 129 (2) 
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Symmetry codes: (i) -x+V2,y+l, z+1/2; (ii) -x+\l2,y, z-1/2; (iii) 



1.97 (3) 2.849 (2) 157(2) 

2.58 (3) 3.287 (2) 131 (2) 

2.00 (3) 2.909 (2) 159 (2) 
2.13 (3) 2.944 (2) 152 (2) 
2.13 (3) 2.897 (2) 148 (3) 
2.23 (3) 2.912 (2) 135 (3) 

1.86 (4) 2.793 (2) 166 (3) 

2.01 (4) 2.839 (2) 170 (3) 

1.87 (3) 2.742 (2) 176 (3) 



1/2, -y+l,z; (iv) x-1/2, -y+2, z; (v) x, y-l,z; (vi) rf 1/2, -y+1, z. 
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